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the catalyst is readily .maintained af the desired 
re.action temperature during %he operation 0f the 
process. In fact, steam is commonly added to 
the gases during the course oï the conversion for 
the purpose of cQoling the gases and mintaining 
the reaction temperature within the desired range. 
The method described above bas long been. open 
fo the objection that a great deal of rime and 
expense is involved in initially bginging the cta- 
lyst mass up to the temperatures essential in 
carrying out the reaction. The catlysts hereto- 
ïore avilable for use in the conversion of crbon 
monoxide and water vapor fo hydrogen and car- 
bon di0xide bave been charcterized by an ex- 
tremeIy poor resistanc,e to liquid water, mani- 
ïested by  tendency fo disintegrte and impede 
the normal flow of gases after being subjected 
fo moisture or liquid water such as would result 
from c0ndensation .oï steam. Therefore if bas 
been necessary fo carry out the itep of initially 
preheating the catalyst by .the use oï dry gases 
su¢h as hydrogen or nitrogen fo avoid condensa- 
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tion of steam or water vapor in the _catalyst mass 
In. order fo accomplish thispreheating With dry 
gases if heretofore has been ecessary o provide 
more or less elabqrÇt,e auxiliary sysems for 
 culating or recycling dry, inert, heated gases 
through the cataiys mass: - Thesë auxiliary sys: 
tems, rep.resenting appreciable investmenin piP- 
ing, valves, heatrs, andpumps, ç idl  during 
the normal operation of the " process.  Fm'ther- 
19 more, since the entire heating of the caaly 
must b accomplished bY theensible heat 
able in the dry_ gase, the preheating 0peratïon is 
necessarily rime consuming. For eXamPlë, from 
24 fo abont 48.hours iS commonfy retuired fo bring 
1 the catayst up tg. the: desired: reacti0n temper- 
ature. It is obvious that the-.exCèssive rime and 
expense involved in preleatirig the datalys makes 
the above process impracticable for applications 
where frequent interruptions in the process are 
0 required. 
Attempts bave bêen ruade toexpedite the step 
of initially raising th-ë tempëratuie Of tle cgtïlyst 
by employing dry preheating gases af tempra- 
tures substantially above the reaction tempera- 
. ture at which the catalyst isintended fo be used. 
I-Iowever, such attempts have been generally Un- 
successful because of the sensitivity t0 oerheat- 
ing of iron oxide catalyst of the more active type, 
which preferably are employed in the conversion 
30 of carbon monoxide and water vapor fo hydr0gen 
and carbon dioxide. For example, if has  been 
round that thé effectiveness of catalysts of this 
type is appreciably reduced after exposre fo 
temperatures of more than about 1000 ° F. It has 
ô5 also been suggested.to increase the sensible heat 
available for-heating the catalyst by passing the 
dry preheatïng gsës in' contact with the catalyst 
lnass af velocities substantially higher thon the 
gas velocity normally employed in the conversion 
4O process. However,-the excessive' pressure drop 
and res_ulting-ïncresed cost of circulating the 
dry gases incident fo the higher vel0citieS-lnakes 
.the Usè"0f this latter measure undesirable. 
If is, tlerefore, an object of this invention fo 
4 provïde, in the meth0d of preparing hYdrgen:and 
carb0 n di6xide-by the catalytic :eaction of carbon 
monoxide and Water vapor, anïmprovement in 
the step of initially heating the catalys belote 
passing gases containing carbon monoxide and 
'0 water vapor in contact With the catalYst,  
Another obJect is the provision óf an improved 
method of preparing hydrogen and:car.bon dioxide 
by passing a mixture 0f gases ontaining Carbon 
monoxide and water vaporover s: Catalyst at ele- 
GG vated temperaturég; Which includes the step-of 
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This invention relates to a process for producing 
hydrogen and carbon dioxide by passing a mix- 
ture of gases containing, carbon monoxide and 
water vapor over a catalyst af elevated temper- 
atures, and fo an improved catalyst for use in 
carrying out such process. More particularlY, the 
invention is directed fo an improvement in the 
step of initially increasing the temperature of the 
catalyst, and to a catalyst capable of withstand- 
ing the conditions incident to the initial heating 
without impairment of its physical or catalytic 
properties. 
As is well known in the art, the production 
of hydrogen and carbon dioxide by the catalytic 
reaction or conversion of carbon monoxide and 
water-vapor in a mixture of gases is carried out 
af elevated temperatures (e. g.; 650 °.F. fo 1000 ° F.) 
in order to accomplish the conversion at a com- 
mercially practicable rate. In practice, the rnix- 
ture of gases containing carbon monoxide and 
steam or wate vapor generally is preheated to 
substantially the desired reaction temperature 
prior to being passed in contact with the catalyst. 
In addition, the temperature of the catalyst is 
commonly increased substantially to the temper- 
ature at which the reaction is to be carried out 
belote the gaseous reaction mixture containing 
carbon monoxide and water vapor is brought into 
contact with the catalyst. Because of the exo- 
thermic nature Of the reaction 



3 
tnitiallF raising the temperature of the catalyst 
bF passing steam in contact with the catalyst. 
A further object ts the provision, for use in 
the production of hydrogen and carbon dioxide 
by the catalFtic reaction or conversion of carbon 5 
monoxide and water, of a catalyst compact ca- 
pable of being heated from ordinary temperatures 
to temperatures above the condensation temper- 
ature of watr vapor under conditions of pressure 
prevailing in the sFstem by passing steam in con- 
tact with the catalyst, without impairment of the 
physical or catalytic properties of the catalyst. 
A stfll further object is to provide a catalyst 
compact of the iron oxide-chromium oxide tFPe 
capable of retaining ifs physical and catalytic 
properties in the presence of moisture such as 
results, for example, from the condensation of 
steam on the surface of the catalyst compact. 
Briefly, the catalysts of our invention are pro- 
duced by compressing or compacting as, for ex- 
ample, by tabletting, under carefully controlled 
conditions, an intimate mixture of substances 
substantially free of water soluble material and 
consisting essentially of iron oxide, chromium 
oxide, a lubricant, and water. These catalysts 
are disclosed and claimed in our copending 
.plication Serial No. 238,004, filed July 21, 1951, 
which is a division of the present application, and 
which is assigned to the assignee of the prescrit 
application. 
We have discovered that .when catalyst mix- 
tures of the following composition are prepared 
and compressed in the manner hereinafter de- 
scribed, catalyst compacts capable of withstand  
ing contact with moisture without impairment of 
physical of catalFtic properties and having ex- 
cellent mechanical strength are obtained: 
Per cent by weight 
Chromium oxide (calculated as Cr)3)-- 1-15 
Water ................................ 21-28 
Lubricant ............................. 0.5-2.0 
Iron oxide (calculated as FeO3) ........ Balance 
As indicated above the catalyst compacts of 
our invention may contain from 1% to 15% 
chromium oxide. However, we bave round that 
a chromium content of about 8% affords catalyst 
compacts having the optimum desired properties, 
particularly from the standpoint of conversion 
efficiency when employed in the production of 
hydrogen and carbon dioxide by the catalytic 
action between carbon monoxide and water 
vapor. 
In the preparation of the catalyst, an intimate 
mixture of chromium oxide and iron oxide is first 
granulated by any of the methods well known in 
the art such as, for example, by passing the mix- 
ture through a screen of suitable mesh size (e. g., 
6 to 10 mesh). Water in amounts correspond- 
ing to approximately 13% of the catalyst mix- 
ture prior to the compression step is prescrit in 
the original mixture of oxides in combination 
therewith, presumably in the form of the metal 
hydroxides or hydrated oxides. The original 
mixture oî oxides may contain additional free 
water in amounts suIicient fo bring the total 
amount of water in the ultimate catalyst mixture 
up to the total desired 21% to 28%. However, 
the additional water is hot essential in the step 
of originally granulating the mixture of oxides 
and may be added subsequently in the prepara- 
tion of the catalyst mixture as ,will be pointed 
out in the following description of our invention. 
It is important that the original mixture of oxides 
be essentially free of water soluble materials and 
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that no water soluble materials be subsequently 
added in the preparation of the catalysts of this 
invention in order to obtain catalyst compacts. 
having the desired resistance fo moisture. 
In order to facflitate the hereinafter describc 
compacting or tabletting, operation, a small 
amount of water insoluble lubricant is added to, 
and thoroughly mixed .with the granulatd mix-. 
ture of oxides. The quantity of lubricant added 
depends fo a large extent on the properties and: 
effectiveness of the particular lubricant. " How-. 
ever, in general, we have round that from about. 
0.5% to about 2% of lubricant is desirable. 
Illustrative of materia.is which aïe capable of 
being uniformly distributed throughout the 
granulated oxides and which are effective 
lubricants in the subsequent compacting or 
tabletting of the catalyst mixture are grap]ïite, 
talc, colloidal c].aFs, hydrocaïbon oils and waxe 
20 bicher molecular weight fatty acids (e. g., stearic, 
palmitic, and oleic), esters of higher moleular 
weight fatty acids such a, for examp!e, the 
mono- and tri-glycerides of such acids, and 
soluble salis of higher molecular weight atty 
25 acids such as, for example, the zinc and calcium 
salts. 
In addition to the lubricank additional watr 
may be added fo the mixture fo facilitate the 
compactin of the catalyst mixture and to pro 
30 vide a catalFst compact having the dsired 
chanical strength. However, if the original mix- 
ture of oxides contains sufficient free waer, tl]e 
addition of more .water at this point is unneces- 
sarF. We have discovered that certain amounts 
35 of free water, in addition to the water chemicallF 
combined with the oxides, must be present in 
the granulated mixture prior fo the tabletting 
step to afford catalyst compact having.the de- 
sired optLmum mechanical strength. ïe amount 
40 of free water ïnaF be as low as about 8% but 
should hot be greater than about 15%. If the 
amount of free water in the mixture exceeds 15% 
catalFst compacts prepared from the mixture 
tend to be fragile or lacking in the necessary 
45 properties fo resist handling and storage, and 
tend fo disintegrate and impede the flow of gases 
during use, In generaL catalFst compacts of 
optimum mechanical strength and catalytic er 
ficiencies are obtained with mixtures containing 
50 from about 10% to 13% of free or uncombined 
water. 
Ehe lubricant and anF additional water which 
might be added are thoroughly distributed 
throughout the granulated mixture of oxides bF 
55 anF suitable means well known fo those skilled 
in the art such as, for example, bF ball milling, 
tumbllng, or bF pan mixing. In order to 
cilitate handling during the tabletting operation 
hereinafter described, and to obtain a catalyst 
60 compact of the desired mechanical strength and 
resistance fo moisture, the mixture should be 
free flowing, and preferablF a substantial pro- 
portion should be in granulated form after the 
lubricant and any additional water have been 
6 thorouhlF incorporated with the oxides. 
Ehe above described mixture of oxides, 
bricant, and water is next compressed into the 
form of a catalyst compact by anF method well 
known in the art as, for example, bF means of 
 an automatic tabletting machine. Various pres 
sures maF be emploFed in compressing the 
terial. However, we bave round tha.t in order to 
obtain the optimum mechanlcal strength and re- 
sistance to moisture desired in our finished cata- 
 lyst campact, the material should be tab]etted or 
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compressed under pressures of at least about 
35,000 .pounds per square inch, We prefer to 
employ pressures of between 35»000 and 50,000 
pounds per square inch in this operation. If 
pressures of- less thon about 35,000 peunds per 5 
square inch are employed, the resulting com 
pact is noticeably weke mechanically, presum- 
ably because of the rCentiÙn of excessivé amounts 
of air and resulting poor aUtogenous bond be- 
tween the particle-s. Pressures of greater than 
about 50,000 Pounds per square inch are 
necessary lthough. hot objectionable if care is 
taken to maintain the composition of the cata- 
]yst mixture within the limitsset.forth above. 
Dhe cata]yst-compact prepared-as çtescribed 1' 
bove may be in the form of pellets-of vareus 
sites and-hpes depending .upon. the .cndtions 
 tnder whih itis fo be employed. By way of 
illustration, or usein, our method, of preparing 
 .hydrogeri and-carbon-dioxYde by-tle cata'ttic 
convèrsion of Crbon-.nionoxide and.waçer vapoz, 
we prefer ctalyst pellets in the orm of. solid 
cylinders Of allroximat'ely % inch diameter and 
having convëx êid su-fces. 
In producing cátalyst.compactof hih-mechan- 
ical strength if is important that as much air as 
possible be forced from thê granulated catalyst 
mixture during the compression, or tabletting, 
operation. We hàve f0und that if catalyst com- 
pact prepared as described above is granulated 30 
ánd again compressed in a tabletting machine, 
the resulting iellets are of even hiiher strength 
than those résulting rom the initial tabletting 
oPeration. This increase in strength is appar- 
ently attributable to the fact that the. granular 
mixture employed in tlïe second tabletting opera- 
tion contairïs less air than was present in the 
oriiinal .iranular càtalyst mixture. If a second 
compressidn operation is emiloyed, it may be 
fburid econ0mical to compress tlàe catalyst mix- 
ture.into shaps o larger tlian the u-ltimately de- 
sired shaPe during the fifst compression or tab- 
letting operation. 
A catalyst c0mpc preparèd as deScribed be- 
lbw was round t0 be-párticularly effective for use 
in the producti0nof hydogen ind carbon di- 45 
oxide, and witïstood our improved conversion 
method involving he stop of initially heating the 
ctalyst mass With steam to tlie desired conver- 
sion temperature without impairment of th-e 
lhysi6al or catalytic propèrtie-of the catalyst 50 
OmPct. 
One hundred fifty (150) pounds Of lump ma- 
terial containing aPlSroximately 8 % by weight of 
chomium oxide and the bálance îrbn oxide and 
combined water were g'ranulated through an 
8-mesh screeh. Theganulated mixture of.oxides 
Was thon transfe9red fO a mechanical mixer of 
the pari type in which the mixing Was accom- 
P]ished by means of a muller Wheel ro]ling over 
the granulated ïna%erial. TW.ó (2) pounds of 60 
Powdered graphite-were added and thoroughly 
mïxed wiia %he gráflula4d oxide mîxure. This 
09érati0n rëquirëd about20,minutes. Twent (20) 
pounds of watèr were thon dded over à .period 
öf about 5 minùtës without stopping %le mixer. 65 
After all of the watër had Seen added, mixi/g was 
contnúêd for about 20 minutes befor6 removing 
the mixture frJfn the fnier. Care was taken 
during the mixing opertion to' avoid éxcessive 
pulvérizi.ng of he mtèial. 70 
After the ganulted catalyst fnixturewas re- 
hddYed from the mixer if Was cdrhpresed n an 
àut6niátic tblettiiig maclàihe at a presul«e of 
about 45,000 pounds per square inch. The-cóm- 
pact resulting from this compression operation 75 

was in the ferre-of .cylindr*ical. lellets about. % 
.inchin. diameter and 1 inch. lgh. These pellets 
were thon ranulated throuh an 8-mesh screen 
and compressed in an automatic taletting ma- 
chine at a pressure of about 45»000 pounds per 
square inch. In this-second compression stop, 
catalyst pèllets % inch in diameter and % inch 
-high were. iroduced. he ends of he pellets 
were convex, 
In order to determine the effcfivehess of the 
above catalYst-compact and meth0d of. initiatly 
heating th catalyst in. applications requiring 
f-reqnenç.inteçzuption in the conversion process, 
a -mass of catalyst. piets.preparei-as, specifically 
escrbed above was-.ehployed, in.fhe production 
of h.y.drogen, and carbone, dïexide for. a Period of 
108 days. Èuring. his.per-iod flàe pocess was 
interrupted and again.stazted up i7 rimes, Each 
rime the-.process was startet/tlie catalyst mass 
was initiaHy heate by means of stéam. Com- 
parison-of fhe pressure drops over he catalyst 
mass and.conversion e/iicienciea during the con- 
version stop at the ,beginning and end of this 
period af operation indicated no observable dif- 
ferences. The -physicat and catalytic..properties 
of he catls.t, appanly remainei substan- 
tially una.fected. by he repeated contact-with 
moisture incident t0 preheating fhe,.ctalygt.with  
steam. Inspection of. the catalYst pellets ai the 
end of the period indicated no observable dis- 
interation or change in mechanical strength. 
Because of the. abilify of the catal-yst compact 
of our invention to withstand freq.uent .and .pro- 
longed contact- wih moisture without impair- 
ment of. the -physical. and catalytic properties of 
the compact; the-tempezatuçe of a mass or bed 
of the compact can be-rapidy raised from or- 
dinary temperatures to any desired elevated 
temperature by passini steam through the mass 
without regard to the cendensate oz meisturé 
produced, in the mass.. In .taEing advantage of 
this.property of our catlyst, we have round that 
the preheating of catslyst masses employed in 
thecatalytic conversion, e£ carbon, monoxide and 
water vapor into hy£lr0gen and. carbon dioxide 
can. be accomplished in less rime and. with far 
ireatir econoi.y by passing steam .through the 
ctal-yst mass .than her,'etofore bas been possible 
by preheating the cafalYst by circu.]atini hot, 
dry inert .ases throuh.thWtoasts. 
In preheating the catalst mass in accordance 
. with ourlnvention, steam is ad.mittd to th con- 
version chamber, centaining the catalyst mass, 
from an available steam line. Steam of any 
pressure or any dsired dègïee of supezhèat may 
be employed, although It is prefrable that the 
temperature Of the stm be sufficiently high 
to heat the catalyst mass substantially, to the 
temperature desired f0r carrying out the con- 
version of carbon moioxide (e. g., 650 ° F.-1000 o 
F.). If .steam Of sUfitcïntly high temperature 
is hot avaflable, steäm of-10Wer temperature may 
be preheated to th desired temperature before 
being admittd fo cdrftact with the catalyst mass. 
At the beinnini ooE this initial heating step, the 
tmpeature f the CtálYst compact is below the 
maximum temperature at which the steám con- 
der/ses at the prèssïre in the catalyst mass anal 
appreciable quantitis of moisture accumulate on 
the surfaces of the catalyst compact. This 
moisttire prèfer]ly is drained from the catalyst 
mass to avoid tti accumulation of. e/cessive 
quantities of water. Those skilled ïn the art 
readily will appreciite that because of the avail- 
able Iate-rit hëa"in the stém, prehafing of the 
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catatyst mass with steam îs accomplished much 
more rapidty than by the use of dry gases as has 
heretofore been the practice. This is particu- 
larty truc ai the beginning of the initial heating 
stop, during condensation of the steam on the 
catalyst compact. 
The rate of heating of the catalyst may be 
increased as much as desired by the simple 
pedient of increasing the velocity, or quantity, 
o steam passed in contact with the catalyst. 
It is realized, of course, that the velocity of the 
steam must hot be increased to the point wherd 
mechanlcal disturbance and damage to the cata- 
lyst mass might result. Those skilled in the art 
will appreciate that very little additional cost 
is involved in overcoming the pressure drop over 
the catalyst mass incident to higher rates of 
flow of steam obtained from a high pressure 
source. On the other hand, as has previously 
been polnted out, the increased pumping costs 
involved in overcoming this pressure drop where 
heated, dry, inert gases are employed, in accord- 
ance with the methods of the prior art, makes 
undesirabte the use of such gases at higher 
locities. 
The length of rime required to bring the cata,- 
lyst mass up to the desired temperature may vary 
widely depending for example, on the type of.  
conversion chamber emptoyed and the arrange- 
ment of the catalyst mass within the chamber. 
After the catalyst mass has been brought up to 
the desired reaction temperature, the heating 
steam passed in contact with the catalyst is 
duced at any desired rate, and a reaction gas 
mixture containing carbon monoxide and water 
vapor is started through the catalyst mass. The 
conversion of carbon monoxide and water vapor 
into hydrogen and carbon dioxide thon proceeds 
in the manner wetl kn0wn to those skflled in the 
art. 
Although the practice in the art has been to 
initlally heat the catalyst by passing heated, dry 
ineït gases through the catalyst mass for the 
specific purpose of avoiding the condensation of 
moisture on the catalyst, we have round that, 
by employing the particular catalyst compacts 
described herein, we are able fo carry out the 
initial heatîng stop by passing steam in contact 
with the cata!st without regard to the resulting 
condensation of moisture on the catalyst. Fur- 
thermore, there is no indication of- impairment 
of the physical or catalytic properties of the 
catalyst as is evidenced by the constant pressure 
drop over the catalyst and the constant con- 
version elïlciency determined from s.nalyes 
the reaction and product gases. 
The prescrit invention is generally applicable 
to the production of hydrogen and carbon di- 
oxide by passing a mixture of gase containin 
carbon monoxide and water vapor in contact 
with a catalyst at elevated temperatures. 
addition to the carbon monoxide and water vapor, 
various amounts of other gases may be present 
in the initial mixture of gases such as, for 
ample, nitrogen, oxygen, carbon dioxide, and 
hydrogen, depending on the source of the 
mixture. Gases which may be sub]ected to th 
conversion method to which this invention re- 
lates may be obtained, for examp!e, by the well 
known producer gas method, the water gas meth- 
od, or by the catalytic reaction of hydrocarbons 
and water vapor at elevated temperatures. 
Ve claire: 
1. Tri a urocess ïor producing hFdroen and 
carbon dioide which comprises passing a mix- 
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ture of gases containing carbon monoxide and 
water vapor in contact with a catalyst af ele- 
vated temperatures, the stop of preheating the 
catalyst by passing steam in contact therewith, 
said catalyst being in the form of a compact sub- 
stantially free of watr soluble materials and 
having been pïepared by compressing under a 
pressure of ai least 35,OOO p0unds per square 
inch an intimate mixture of ingredient consist- 
10 ing essentially of iron oxide, between 1% and 
15% chromium oxide, a small amount of lubïi- 
cant, and from about 21% to about 23% water 
of which between about 8% and about 15% is 
free water. 
15 2. In a process for producing hydrogen and 
carbon dioxide which comprises passing a mix- 
ture of gases containing carbon monoxide and 
water vapor in contact with a catalyst at ele- 
vated temperatures, the stop of preheating the 
20 catalyst by passing steam in contact therewith 
until the temperature of the catalyst is suflï- 
cient!y high fo cause the rapid conversion of 
carbon monoxide and water vapor into hydrogen 
and carbon dioxide, said catalyst being in the 
25 ïorm of a compact substantially free of water 
soluble materials and having been prepared by 
compressing under a pressure of af least 35,000 
1]ounds per square inch an intimate mixture of 
ingredients consisting essentially of iron oxide, 
30 between 1% and 15.% chromium oxide, a small 
amount of lubricant, and from about 21% to 
about 28% water of which between about 
and about 15% is free water. 
3. In a process for producing hydrcgen and 
35 carbon dioxide which comprises passing a mix- 
ture of gases containing carbon monoxide and 
water vapor in contact with a catalyst ata tem- 
perature between 650 ° F. and 1000 ° F., the stop 
of increasing the temperature of the catalyst 
40 from a temperature below the maximum tem- 
perature at which steam will condense at the 
pressure in the catalyst mass fo temperatures of 
between 650 ° F. and 1000 ° F. by passing a 
eous heating medium comprising steam in con- 
tact with the catalyst, said catalyst being in the 
45 form of a compact substantially free of water 
soluble materials and having been prepared by 
compressing under a pressure of at least 35,000 
pounds per square inch an intimate mixture of 
ingredients consisting essentially of iron oxide, 
50 between 1% and 15% chromium oxide, a small 
amount of lubricant, and from about 21% to 
about 23% water of which between about 
and about 15% is free water. 
4. In a process for producing hydrogcn and 
5 carbon dioxide which comprises passing a mix- 
ture of gases containing carbon monoxide and 
water vapor in contact with a catalyst ata tem- 
perature between 650 ° F. and 1000 ° F., th stop 
of increasing the temperature of the catalyst 
60 from a temperature below the maximum tem- 
perature at which steam wfll condense at the 
pressure in the catalyst mass fo temperatures 
between 650 ° F. and 1O0O ° F. by passing a gas- 
eous heating medium comprising steam in con- 
6 tact with the catalyst, said catalyst being in the 
ïorm of a compact substantially free of water 
soluble materials and having been prepared by 
compressing af a pressure of between 35,000 
pounds per square inch and 50,000 pounds per 
70 square inch, an intimate mixture of ingredients 
consisting essentially of iron oxide, about 8% of 
chromium oxide, approximately 13% water com- 
bined with said oxides, from about 10% to about 
13% free water, and from about 0.5% to about 
 2% graphite. 
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5. A process of producing hydrogen and car- 
bon dioxide by reacfing carbon monoxide with 
water valor in the lresence of a catalyst af an 
elevated reaction temperature, which comprises 
employing as said catalyst a. compact substan- 5 
tially free of water soluble materials and having 
been lrepared by comlressing under a pressure 
of ai least 35,000 pounds ler square inch an in- 
timate mixture of ingredients consisting essen- 
tially of iron oxide, between 1% and 15% chro- 10 
mium oxide, a small amount of lubricant, and 
from about 21% fo about 28% water of which 
between about 8% and about 15% is free water; 
and preheating said catalyst comlact, lrior fo 
reacting said carbon monoxide and water vapor 15 
in contact with said compact, by passing steam 
in contact therewith. 
6. A process for lroducing hydrogen and car- 
bon dioxide by reacting carbon monoxide and 
water valor ai elevated temleratures in the 2o 
lresence of a catalyst, which includes lassing a 
gaseous heating medium comprising steam in 
contact with, and thereby lreheating, a catalyst 
lreviously lrepared by comlressing under a 
pressure of ai least 35,000 lOUnds ler square inch 25 
an intimate mixture of ingredients substantially 
free of water soluble materlals and consisting of 

between 1% and 15% chromium oxide, from 
about 21% to about 28% water, of which be- 
tween about 8% and about 15% is free water, a 
small amount of lubricant, and the balance, iron 
oxide; and then lassing said carbon monoxide 
and water vapor af said elevated temperatures 
over said preheated catalyst. 
DONALD C. CHRISTAIN. 
ROBERT M. REED. 
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